Reagents that interact with sulfhydryl groups are shown to inhibit competence factor (CF)-induced competence development in Streptococcus sanguis (Wicky) strain WE4 (Wicky 4 EryR). Inhibition is correlated with specific inhibition of either the function or biosynthesis of three competent cell-related proteins and is reversed by either 2-mercaptoethanol or dithiothreitol. Mercuric chloride (5 ,M) or N-ethylmaleimide (NEM; 50 ,uM) inhibited (i) the function but not the biosynthesis or activation of the competent cell-associated autolysin; (ii) the biosynthresis of a competent cell-associated protein of unknown function, demonstrated by polyacrylamide gel electrophoresis of acidified phenol extracts; and (iii) the biosynthesis or activation of distinct deoxyribonucleic acid (DNA)-binding sites. Neither reagent at the indicated concentration interfered with the uptake of CF by cells or with the uptake and expression of DNA by competent cells. Neither reagent inactivated CF or genetic markers coded by the transforming DNA, nor did they inhibit cell growth or viability appreciably. The data reveal that either mercuric chloride or NEM can differentially inhibit induced protein synthesis and, in addition, conclusively show that some autolytic activity is essential for the onset of the competent state.
A requirement for an autolytic event to initiate the development of competence has been hypothesized but never conclusively shown (1, 9, 13, 19) . Recent kinetic evidence obtained with group H streptococcal cells showed that their potential to autolyze and their ability to develop competence (measured by genetic transformation) occurred simultaneously and both events reached maximal values at the same time. Moreover, group H cells that can transform but do not have the potential to autolyze have not been found (9) .
Since the maximal extent of autolysis (greater than 90% decrease in optical density [OD] ) requires the presence of a reducing agent (2-mercaptoethanol or dithiothreitol), the need for a free sulfhydryl group for activity is apparent. Sulfhydryl-reacting chemicals (mercuric chloride, N-ethylmaleimide [NEMI, iodoacetate, and p-hydroxymercuribenzoate) were tested to determine whether inhibition of autolytic activity resulted in the inhibition of the development of competence.
The data presented in this report show that: (i) a very early autolytic event is essential for the development of competence, (ii) this autolytic event alone does not render a cell competent, and (iii) a minimum of three proteins, including the autolysin, are induced by competence factor (CF) and are required for the attainment of the competent state. The other two proteins are: (i) the one demonstrated earlier by polyacrylamide gel electrophoresis (PAGE) of acidified phenol extracts of competent cells (14) and (ii) a protein involved with deoxyribonucleic acid (DNA) binding (5 500 ,g/ml) and incubated for 48 h at 37 C (phase 6), after which time the colonies were counted. In all experiments, total colony-forming units were also determined. Any modification of this protocol will be stated.
Transforming DNA. Transforming DNA was prepared from autolyzed WE4 cells by a method already described (9) .
Radioactive DNA. Radioactive DNA was prepared from autolyzed WE4 cells by a method already described (8, 9) , except that the cells were grown in a semisynthetic medium (8) containing 1.0% (wt/vol) glucose, 2.5% (vol/vol) horse serum, and 2.5 to 5 ,uCi of [methyl-3H]thymidine per ml (New England Nuclear Corp., Boston, Mass.; 6.7 Ci/mmol).
Chemicals. All chemicals were purchased from commercial sources.
Quantitative PAGE. PAGE was performed as described (14) . The gels were stained with amido black (Canalco, Rockville, Md.; 0.5% [wt/vol] in 7 to 10% [vol/vol] acetic acid) for 60 min and destained electrophoretically (15 to 17 V/gel) and by diffusion in 7 to 10% (vol/vol) acetic acid. Tracings of the gels were made with a Photovolt Densicord 542 A densitometer using a red filter. The tracings were transferred from chart paper to Xerox 1524 dual-purpose white paper (75.2 g/m2) by using a Xerox copier, and the peaks were excised with a scalpel. These were then weighed on an analytical balance. The data are expressed as a percentage of the total weight. There was no advantage in staining gels with fast green (6) .
Binding of radioactive DNA to "competent" cells. Competent cells ( Reversal of NEM or mercuric chloride inhibition of competence by 2-ME. Twenty millimolar 2-ME, when added simultaneously with CF and either mercuric chloride or NEM, can relax the inhibition of competence (Table  3) . This was determined to be the best concentration to use even though it inhibited competence development to some extent (60 to 80%); higher concentrations inhibited more, whereas lower concentrations were less influential in reversing inhibition (data not shown). Reversal of inhibition was time dependent (see below). 2-ME could be replaced by an equal concentration of dithiothreitol.
Inhibition of autolysis by NEM or mercuric chloride. The above data showed that the development of competence could be reversibly inhibited by sulfhydryl-binding reagents. Earlier work showed that only competent cells or potentially competent cells (those that are treated with CF but do not bind DNA; e.g., lysogenized cells) have the ability to autolyze when placed into a pH 9 buffer containing 2-ME COMPETENCE IN S. SANGUIS (WICKY) a NEM, N-ethylmaleimide. WE4 cells were grown in phase 1 in BHS broth (Difco) at 37 C and diluted to 5% (vol/vol) into 100 ml of fresh BHS broth contained in a 250-ml Erlenmeyer flask. The cells were incubated for 50 min in phase 2 at 37 C, at which time competence factor (CF) was added (20%; vol/vol). A 10-ml volume of culture was then distributed into test tubes, at each time period, that contained 0.1 ml of 5 mM NEM. Incubation was continued for 50 min in phase 3 at 37 C, at which time 1.0 ml of cells was added to 0.1 ml of a standardized solution of DNA. Cells and DNA were incubated for 30 min in phase 4 at 37 C, diluted, and plated. After incubation of the cells for 3 h in phase 5 at 37 C, they were challenged with dihydrostreptomycin sulfate. Transformed colonies and total colony-forming units were scored after 48 h of incubation in phase 6. 'Percent transformation is equal to the number of transformed colonies times 100 divided by the number of colony-forming units. (8, 13) . Since 2-ME is required for maximal autolytic activity, the need for a free sulfhydryl group is indicated. Therefore, a test was made to determine whether the inhibition of the development of competence was due to specifically inhibiting autolytic activity.
An initial experiment showed that, although cells treated simultaneously with CF and either NEM or mercuric chloride at zero time in phase 3 transformed at reduced frequencies (Tables 1,  2 , and 3), they autolyzed almost maximally when placed into the 2-ME-containing lysing buffer (13). Since 2-ME can reverse mercuric chloride-or NEM-inhibited enzyme reactions, it remained unknown whether the autolysin or its hypothetical activator was inhibited.
To show that the function of the autolysin was indeed inhibited, cells were treated by the method of C. L. Parsons with NaF and 2-ME at the end of phase 3 autolyzed at a rapid rate (Fig. ld) . Cells treated with just 2-ME lysed to a small extent (20%) and, although not shown, eventually recovered and continued to grow. Cells grown in the presence of 2-ME, mercuric chloride, and CF during phase 3 (TF = 0.4%) lysed regardless of the addition of NaF (Fig. le) . Apparently, these cells could not recover from the extensive dam-*age caused by the 2-ME-stimulated autolysin.
In addition, cells treated with CF and just 2-ME during phase 3 responded in a similar manner (data not shown). Cells not treated with CF during phase 3 (noncompetent control culture; TF = 1.2 x 10-'%) did not lyse upon addition of NaF (Fig. lf) . The same result was obtained with similar cultures that received 2-ME during phase 3. This last result emphasizes the fact that the autolysin is associated only with competent or potentially competent cells. Iden- Tables 1 and 2 ) can be correlated with inhibition of autolytic activity (Fig. lb) at an early time in phase 3 if one considers previous kinetic data which showed that autolytic activity can be observed 15 to 20 min after the addition of CF to WE4 cells (9) . Additional evidence that supports the hypothesis that an autolytic event is essential for the development of competence was obtained by observing the kinetics of competence induction in cultures treated with mercuric chloride (or NEM).
The data shown in Fig. 2 were derived from cultures that were treated with CF and mercuric chloride and, at various times during phase 3, treated further with either 2-ME or 2-ME and chloramphenicol (CAP) 10,ug/ml, final concentration). CAP was added to prevent the synthesis of "new CF-induced" proteins. All 13 cultures; one culture received CF and 2-ME and another received just CF. These served as controls. The cultures were transferred to 37 C. Starting at time zero in phase 3 and at 10-min intervals thereafter, either 20 mM 2-ME or 20 mM 2-ME and 10 jAg of chloramphenicol (CAP) per ml were added. At the end of phase 3, cells from each culture were added to a standard solution of DNA for 2-ME was added after 10 min, the level of competence decreased. This result shows that 2-ME reversal of mercuric chloride inhibition is time dependent.
When 2-ME was added with CAP, three important facts became apparent. The first was that the kinetic picture obtained was similar to that obtained with uninhibited cells (9, 10), except that the transformation frequencies were shifted downwards by about 25-fold. The second was that all mercuric chloride-inhibited cultures that received 2-ME and CAP transformed to lower frequencies than those cultures that received only 2-ME. The third and most important fact was that the level of transformation, and therefore competence, was maximally restored at the 50th min of phase 3 in cultures that received 2-ME and CAP at that time. The level of transformation reached was 66-fold higher than in mercuric chloride-inhibited cells. The only apparent change that occurred in this sample was the reversal of mercuric chloride inhibition of autolytic activity by 2-ME in the absence of additional protein synthesis.
In the same experiment, NaF-stimulated autolysis was observed in all cultures treated in phase 3 with 2-ME and only in those cultures that -received 2-ME and CAP after 30 min in phase 3. CAP prevents the induction of the autolysin (13) .
Effect of mercuric chloride, 2-ME, and mercuric chloride plus 2-ME on the competent cell-associated protein. Since competence was fully restored in cultures treated with mercuric chloride and 2-ME during the first 10 min of phase 3 and not afterwards, and addition of CAP to cells treated similarly prevented competence from developing (Fig. 2) , the possibility existed that mercuric chloride was, in some way, interfering with the synthesis of another competent cell-associated protein. Earlier studies showed that one did exist (14) . Therefore, the effect of mercuric chloride, 2-ME, and mercuric chloride plus 2-ME on this protein was examined. Figure 3 shows electrophoretograms of acidified phenol extracts of cells treated with CF and mercuric chloride in the presence or absence of 2-ME. These tracings are similar to those pub-30 min (phase 4); the cells were treated further in phases 5 and 6. Cells that did not receive CAP during phase 3 were incubated with CAP (10 Ag/ml) and DNA during phase 4. The dotted line shows the percentage of transformation in WE4 cultures that received mercuric chloride and CF during phase 3 with no other additions (mercuric chloride control). The 2-ME and CF control culture transformed to 0.61%; the CF control culture transformed to 1.5%. Peak F is also missing in extracts of the following: cells not treated with CF in the presence or absence of 2-ME, cells treated with CF and inhibitors of protein synthesis added at zero time or 10 min after the addition of CF in phase 3, cells treated with CF that had been digested with proteolytic enzymes, and cells treated with CF and NEM. Only those cells that are treated with active CF in phase 3 under conditions of uninhibited protein synthesis contain peak F, including nontransformable lysogenic WE4 cells (unpublished observation).
The above results show that mercuric chloride (or NEM) has a minimum of two affects on the competent state in WE4 cultures: (i) it prevents the function of the CF-induced autolysin, and (2) it prevents the manifestation of the CF-induced peak F protein. Because of this fortuitous observation, the relationship between them and competence could be directly studied.
Since peak F is not present in cells treated with CF and mercuric chloride at zero time in phase 3 and the autolysin is, it is doubtful that peak F is the autolysin.
Is peak F a product of autolytic activity? To answer this question, autolytic activity was permitted to occur in the absence of additional protein synthesis. To accomplish this, cells were treated in phase 3 with CF and mercuric chloride for exactly 30 min. At this time, cells received either 2-ME or 2-ME and an inhibitor of protein synthesis (e.g., CAP or rifampin) and were incubated at 37a C for an additional 20 min (total time in phase 3 was 50 min). The cells were then harvested by centrifugation, washed with saline, and extracted with acidified phenol (14) . The extracts were subjected to PAGE. Another sample from each culture was tested for NaF-stimulated autolysis and for transformation ( Table 4 ).
The data in Table 4 show that the amount of material present in each peak (except for peak F) is independent of the state of competence. Peak F varies from 0% for noncompetent cells (line 2) to 4.8% for fully competent cells (line 1). Line 3 shows that extracts derived from cells treated with CF and mercuric chloride in phase 3 do not contain peak F (Fig. 3) . Line 4 shows that 20 min after the addition of 2-ME to mercuric chloride-inhibited cells the amount of material present in peak F increased from 0% (line 3) to 1.9%, and that 61%7c of the culture autolyzed. The data in line 5 show that, although 50% of this culture autolyzed, there was no increase in the amount of peak F material; rifampin prevented its synthesis. It is concluded that peak F does not arise from autolytic activity but from additional protein synthesis that is inhibited by mercuric chloride (or NEM). Line 6 shows data derived from a 2-ME-treated control culture. 2-ME does not influence the amount of material present in peak F even though these cells autolyzed to 71%. It should be pointed out that cells treated with CF and 2-ME during phase 3 do show a relative increase of about 40% in all acidified, phenol-extractable proteins over those cells that are only treated with CF. This 2-ME effect is not observed in cultures that are not treated with CF. CF, therefore, may stimulate all protein synthesis which is further enhanced by 2-ME or reducing agents in general. Line 7 shows that, during the first 30 min in phase 3, cells synthesize peak F to the extent of 2.8%. The kinetics of synthesis of peak F material is being studied. Note also in Table 4 that only cultures that received 2-ME autolyzed upon addition of NaF. In this experiment, cells were cells were treated in phase 3 as described. A sample from each culture was treated in phase 4 with a standard solution of DNA. Those cultures that did not receive rifampin during phase 3 were incubated with it during phase 4. Another sample was incubated with 10 mM NaF overnight at 37 C in order to observe autolysis. The remainder of the culture was harvested, washed, and extracted with phenol-acetic acid and water, and the extracts were subject to PAGE as described (14) . Quantitation was done as described in Materials and Methods.
I See footnote a to Table 1 . c Percent autolysis is the decrease in optical density observed in cultures after overnight incubation. Table 4 shows that cells that contained peak F transformed to higher levels (20-fold higher) than those that did not, even though both cultures autolyzed about the same (50 to 60%). This difference in TF could be correlated with additional protein synthesis, which was further correlated with peak F. To show that an increased TF was dependent upon additional protein synthesis (and not just the reversal of the inhibition of autolytic activity; Fig. 2 ), the following was done.
Cells were incubated with CF and mercuric chloride for exactly 30 min in phase 3. At 30 min, 2-ME was added to reverse the inhibition.
Rifampin (1 ug/ml) was then added at various times during phases 3 and 4 to prevent additional protein synthesis from occurring. After mercuric chloride inhibition was reversed by 2-ME, the TF increased over the next 50 min (Fig. 4) . Therefore, to regain nearly full transforming activity, 50 min of uninhibited protein synthesis must occur (compare with Fig. 2 ).
This additional protein synthesis can be directly correlated with peak F (Table 5 ). The amount of material present in peak F 20 min after mercuric chloride inhibition was reversed by 2-ME was 1.9 to 3% (line 4, Table 4 ). After 50 min (80-min point in Fig. 4) , the amount increased to 4.4%. Therefore, peak F is directly related to the competent state. Its function is yet unknown but may be related with irreversible binding of DNA to competent cells.
Is autolytic activity enough for cells to bind DNA or must additional protein synthesis also occur? To answer this question, cells were treated as described in the footnotes to They also inhibited autolysis ( Fig. 1 ; data for NEM not shown). Moreover, inhibition of both events could be reversed by 2-ME (Table 3 , Fig.  1, 2 , and 4). Reversal of just the inhibition of autolytic activity by 2-ME caused a 66-fold increase in the level of transformation above the mercuric chloride-treated control ( Fig. 2 ; see also the 30-min point in Fig. 4 ). This result supports the hypothesis that competence development requires a local, limited autolytic event.
However, the results also showed that full recovery from mercuric chloride inhibition required additional protein synthesis ( Fig. 2, 4 ; Table 4 ). This was manifested as the protein in peak F and the protein in the reversible DNA binding site(s) (5).
The differential inhibition of CF-induced proteins exhibited by both NEM and mercuric chloride was unexpected and was used to answer other specific, competence-related questions. Since the autolysin was synthesized almost maximally in the presence of either 50 uM NEM or 5 gM mercuric chloride and the other two proteins were not, it was shown that peak F was not the autolysin as originally surmised (13) . Moreover, peak F was shown not to be the result of autolytic activity (Table 4) . Its concentration increased with continued protein synthesis and was proportional to the frequency of transformation (competence, Table 5 ). The data also showed that autolytic activity alone was not enough to allow cells to react with DNA ( Table 6 The condition and the duration depends on the availability of the cell wall substrate and the availability of ATP for energy or biosynthesis. Competent or potentially competent cells can also be made to autolyze if they are incubated in BHS (BBL) broth at nonpermissive growth temperatures: room temperature or below. It is concluded that the CF-induced autolysin is degradative and that its sole function is to transiently expose membrane-associated DNA binding sites (peak F protein?).
One group of investigators (4) recently reported that they could not demonstrate peak F after PAGE of acidified phenol extracts of competent cells. They used stacking gels consisting of a different chemical composition than the one presented here and elsewhere (14) . The physical consistency and the chemical composition of the stacking gel appear to be important for peak F to be manifest (3). Stacking gels prepared from old stock solutions, or stock solutions kept in glass bottles, or both, do not permit resolution of peak F (unpublished observations). New solutions stored in plastic bottles present no problem. Gels run without stacking gels do not resolve the protein in question.
Because of these differences, the gel patterns described by Fuchs et al. are also very much different from the ones presented here (Fig. 3) and elsewhere (14) .
The results presented here also differ from those obtained with Bacillus subtilis. In B. subtilis cultures, mercuric chloride interferes with transformation by preventing the attachment of DNA to the competent cell (Groves and Young, Abstr. Annu. Meet. Amer. Soc. Microbiol., p. 58, 1973; F. Young, personal communication).
In general, the results presented in this report bring together a number of independent observations and show their interrelationships with the overall picture of competence in group H streptococci. A loss of any one function can render the cell noncompetent. How the cell treats DNA after it is taken up and whether these events require other new proteins remain to be answered.
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